with a diagnosis of acute pharyngitis, onset B 72 h, and sore throat pain of at least moderate intensity were randomized to receive either ambroxol 20 mg or placebo hard-boiled lozenges. The primary efficacy endpoint was the normalized time-weighted sum of pain intensity differences (SPID) from baseline over 3 h following administration of the first lozenge (SPID norm,0-3h ). Secondary efficacy endpoints included SPID 24 h after the first lozenge intake (SPID norm,0-24h ) and patient assessment of efficacy at 3 and 24 h after the first lozenge. Results: Of 422 patients from 11 centers, 390 were randomized to one of the two treatment groups (n = 196, ambroxol; n = 194, placebo) and 388 were analyzed (modified intention-totreat).
The mean ± standard deviation SPID norm,0-3h values were -0.386 (0.259) and -0.366 (0.243) in the ambroxol and placebo groups, respectively, and the adjusted mean ± standard error SPID norm0-3h difference between ambroxol and placebo was -0.020 (0.025) (p = 0.443). Comparable results between treatment groups were also found for SPID norm,0-24h and patient assessment of efficacy at 3 and 24 h after the first lozenge. The incidence of treatment-emergent adverse events (TEAEs) was similar between treatment groups (11.7% for ambroxol versus 9.3% for placebo). Conclusion: Although marked pain relief was observed over the first 3 h of treatment, superiority of ambroxol 20 mg hard-boiled lozenges versus placebo was not demonstrated in this study. Trial Registration: NCT03583658. Funding: Sanofi-Aventis Group.
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Key Summary Points
Why carry out this study?
Acute pharyngitis is a common condition that usually recedes spontaneously within a few days, but discomfort can be such that most patients seek treatment.
The efficacy of previous lozenge formulations (white compressed lozenges) containing ambroxol, a secretolytic agent with local anesthetic properties, has been extensively demonstrated for the symptomatic treatment of sore throat.
The current study evaluated the efficacy and safety of a new hard-boiled lozenge formulation containing ambroxol 20 mg versus a matched placebo for the relief of sore throat in patients with acute pharyngitis.
What was learned from the study?
Comparable results were observed between treatment groups; the sore throat pain relief was 39% with ambroxol hardboiled lozenges versus 37% with placebo over the first 3 h of treatment.
This study failed to demonstrate the superiority of the new hard-boiled lozenges containing ambroxol for the treatment of sore throat pain.
INTRODUCTION
Acute pharyngitis is a common condition characterized by inflammation of the upper respiratory tract, with symptoms including sore throat and dysphagia [1] . Although the inflammation usually recedes spontaneously within a few days, the discomfort can be such that most patients seek treatment [2] . Viral infections account for about 80% of acute pharyngitis cases [3] , making antibiotics an ineffective option.
Symptomatic treatments are widely used and recommended [4] . Acute sore throat and fever can be managed with oral analgesics such as nonsteroidal anti-inflammatory drugs (NSAIDs) or paracetamol, but their use is limited by the risk of systemic adverse events and the low concentration of drug substance present in the affected area [5, 6] . However, the oropharyngeal cavity is easily accessible, and pharmaceutical agents can be directly administered to the target site.
Multiple topical formulations are available for the treatment of sore throat, but lozenges present several advantages compared with other pharmaceutical forms such as oral rinses. These include ease of administration and prolonged contact time at the site of action [4, 7] . Moreover, by relying on salivary transport, lozenges can reach the lower pharyngeal cavity and tonsils [6] .
Ambroxol hydrochloride is a well-described secretolytic agent that also has local anesthetic properties. It has been widely used for decades for the treatment of diseases of the respiratory tract including acute pharyngitis [2, 8] . Structurally, it is the active N-desmethyl metabolite of bromhexine, a synthetic derivative of vasicine [9] , exhibiting local anesthetic action through sodium channel inhibition [10] along with anti-inflammatory activity [11] . In previous clinical trials, compressed lozenges containing 20 and 30 mg ambroxol provided a statistically significant reduction in sore throat pain compared with placebo [2] . The aim of the present study was to investigate the efficacy and safety of a new hard-boiled lozenge formulation containing 20 mg ambroxol compared with a matching placebo in adult patients with acute pharyngitis.
METHODS

Patient Selection and Study Design
This was a phase 3, randomized, double-blind, placebo-controlled, parallel-group multicenter trial. The study was conducted between June and September 2018 at 11 centers in South Africa. Patients included in the trial were men and women, aged C 18 years, diagnosed with sore throat due to acute pharyngitis with onset B 72 h prior to visit 1 and a pain intensity score C 6 on a 0-10-point numerical rating scale with increments of 1 (0 = ''not sore'', 10 = ''very sore''). Exclusion criteria included allergy and/or hypersensitivity to ambroxol hydrochloride or any other ingredients of the formulation, actual or suspected drug dependency and/or alcohol abuse, symptoms of primarily bacterial pharyngitis, and bacterial secondary infection. The full list of inclusion/ exclusion criteria can be found in the Supplementary Appendix.
Following an enrollment evaluation, eligible patients were randomized to receive either ambroxol or placebo. At visit 1, after administration of the first lozenge, patients were required to remain at the trial site for the next 3 h, during which eating and drinking were prohibited. After this, patients were permitted to take a maximum of six lozenges per day for up to 3 consecutive days, on an as-needed basis with a minimum of 30 min between lozenges. As soon as possible after the patients had discontinued the lozenges (and no later than trial day 4), they were required to return to the trial center for a final assessment (visit 2). A followup visit (visit 3) was only required for patients who had an ongoing adverse event at the end of treatment or had a new adverse event in the 24 h after last trial drug administration (Fig. 1) . During the study, concomitant treatments such as decongestants, antihistamines, beta-agonist medications, antibiotics, analgesics, anti-inflammatory agents, steroids for oral, inhaling or topical application, expectorants, and antitussives were prohibited. Similarly, the use of physical therapies such as throat compress or throat rinsing was not allowed. However, patients were not withdrawn from therapy or assessments in cases of study deviation (the full list of permanent discontinuation criteria can be found in the Supplementary Appendix). The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines as defined by the International Conference on Harmonization, and approved by the institutional review boards (IRB) and independent ethics committees for all participating centers (additional information can be found in the Supplementary Appendix). This study is registered on ClinicalTrials.gov (NCT03583658), and written informed consent was obtained from all patients prior to study enrollment.
Randomization and Blinding
Randomization was performed using either an interactive voice response system (IVRS) or interactive web response system (IWRS), whereby a unique identification code was generated for each eligible patient. Batches of ambroxol or placebo lozenges were identified with matching unique identification codes and provided to patients accordingly. Lozenges were otherwise indistinguishable by any other characteristics (color, shape, packaging, and labeling). Everyone involved in the conduct or analysis or with any other interest in the study remained blinded with regard to the randomized treatment assignments until after database lock.
Study Endpoints
The primary efficacy endpoint was the timeweighted sum of pain intensity differences from baseline (SPID) over the initial 3 h after taking the first lozenge, expressed as a ratio of the baseline score. The pain intensity (PI) was assessed by patients at baseline and at selected time intervals after the first dose (10, 15, 30, 45, 60, 90, 120, and 180 min) on a 0-10-point numerical rating scale. Pain intensity differences (PIDs) were then calculated between baseline and time points over the following 3 h, each one weighted for the time elapsed since previous assessment. The sum of PIDs (SPID) gave the area under the curve (AUC) or SPID AUC , which was finally normalized by the complete observation period (180 min) and baseline PI score, resulting in SPID norm,0-3h . A negative value of SPID norm,0-3h thus indicated an overall pain reduction up to a maximum of -1, corresponding to complete relief of pain between baseline and 3 h after dosing. In other words, the pain relief experienced over 3 h after the first lozenge intake was described as a proportion of the maximum potential pain relief achievable over the same time period. Further details of the calculation can be found in the Supplementary Appendix. Secondary efficacy endpoints included the time-weighted sum of pain intensity differences from baseline 24 h after the first lozenge intake (with additional assessments of pain at 4, 6, 12, and 24 h), expressed as a ratio of the baseline score (SPID norm,0-24h ), and patient assessment of efficacy 3 and 24 h after taking the first lozenge using a 0-4-point verbal rating scale (0 = poor; 1 = fair; 2 = good; 3 = very good; 4 = excellent). Additionally, exploratory efficacy endpoints included time course of PID from baseline over the first 24 h, daily number of lozenges taken, and final overall patient and investigator assessments of efficacy using a 0-4-point verbal rating scale (0 = poor; 1 = fair; 2 = good; 3 = very good; 4 = excellent). The safety endpoints were based on the reported adverse events (AEs) and other safety information, patient and investigator assessment of tolerability using a 0-4-point verbal rating scale (0 = poor; 1 = fair; 2 = good; 3 = very good; 4 = excellent), and physical examination.
Statistical Methods
Based on the findings of seven previous trials [12] , the mean difference in SPID norm 0-3h between ambroxol 20 mg and placebo was expected to be equal to -0.114 and the common standard deviation to 0.343, with a standardized mean difference of -0.333. A sample size of approximately 190 patients in each treatment group was calculated to give a power of 90% to detect a difference of -0.333 between ambroxol and placebo using a two-sided test at 5% significance level. In order to adjust for possible dropouts, 195 patients were needed in each treatment group. Primary and secondary efficacy endpoints were tested using an analysis of variance (ANOVA), including treatments as fixed effect. Treatment differences were estimated by reference to the adjusted least square means (LS means) and the corresponding 95% confidence intervals (CI). A logistic regression model including the term treatment, with baseline PI as a covariate, was fitted to analyze the multinomial endpoints of 3-and 24-h patient assessment of efficacy. For the time course of PID over the first 24 h, restricted maximum likelihood estimation based on a Fig. 1 Study design. AESI adverse event of special interest, SAE serious adverse event, V visit mixed-effect model for repeated measures analysis was used to obtain adjusted means for the treatment effects. This model included treatment and time as discrete fixed effects, baseline PI as a continuous fixed effect, and interactions time-by-treatment and baseline PIby-time. Efficacy analyses were performed only on the data from the modified intention-totreat (mITT) population, consisting of all randomized patients who used at least one dose or part of a dose, and who had a baseline value and at least one post-baseline value for pain intensity within the first 3 h after the first intake of treatment. Efficacy was not planned to be assessed on a per-protocol population. Safety analyses were descriptive and based on the safety population (randomized population who received at least one dose or part of a dose of the double-blind treatment).
RESULTS
Of 422 patients enrolled in the study, 390 were randomized either to the ambroxol (n = 196) or the placebo (n = 194) group. All of them received the study medication and were therefore included in the safety analysis. Six patients permanently discontinued from treatment (four in the ambroxol group and two in the placebo group) due to AEs, lack of efficacy or withdrawal by subject. Two patients in the ambroxol group were excluded from the mITT population as they had no baseline value for pain intensity, thus the mITT population was composed of 388 patients. All patients completed the study by attending the last visit (Fig. 2) . Demographics and baseline characteristics were balanced between the two treatment groups (Table 1) . Overall, 65.1% of the patients were females and 34.9% males, with a mean ± standard deviation (SD) age of 36.90 (12.88) years. Baseline pain intensity mean (SD) scores in ambroxol and placebo groups were 7.09 (0.98) and 6.93 (0.92), respectively, and the mean duration of sore throat was 2.56 and 2.61 days. A total of 117 patients were treated with concomitant medications during the study (n = 63 ambroxol, n = 54 placebo); of those patients, 33 took at least one prohibited medication during the course of the study. Among them, nine patients met exclusion criteria due to the use of analgesic/antipyretic within 4 h preceding the first administration of the study drug (n = 2 ambroxol, n = 4 placebo), or using any cold medication within 8 h from study entry (n = 1 ambroxol, n = 2 placebo). Additionally, three patients in the ambroxol group took at least one additional medicine for the treatment of sore throat during the first 3 h after the first lozenge intake (benzydamine hydrochloride spray, iodized throat lozenge and Difflam-C). Overall, the most frequently used prohibited medications were analgesics (n = 12 ambroxol, n = 11 placebo), with paracetamol reported in five and nine patients, in the ambroxol and placebo group, respectively; anti-inflammatory agents and antihistamines were also used. Nevertheless, none of the patients were excluded from the analysis due to these deviations as per study design.
Primary Endpoint
In the mITT population (n = 388), mean (SD) SPID norm,0-3h values in the ambroxol and placebo groups were -0.386 (0.259) and -0.366 (0.243), respectively (data not shown); the adjusted mean ± standard error (SE) SPID norm,0-3h difference between ambroxol and placebo was -0.020 (± 0.025; 95% CI -0.070 to 0.031). Although marked pain relief was seen, superiority of the treatment with ambroxol versus placebo was not demonstrated (p = 0.443) (Fig. 3) . ACEi angiotensin converting enzyme inhibitor, ARB angiotensin II receptor blocker, ITT intention-to-treat population, SD standard deviation a Concomitant medications are any treatment received by the patient concomitantly with the study treatment, from the first lozenge intake to the end of treatment ? 24 h
Secondary Efficacy Endpoints
Similar results were obtained for sore throat pain relief over 24 h after the first lozenge administration. The mean (SD) SPID norm,0-24h was -0.506 (0.267) in the ambroxol group and -0.537 (0.279) in the placebo group, while the adjusted mean (SE) SPID norm,0-24h difference between ambroxol and placebo was -0.031 (0.028; 95% CI -0.024 to 0.085, p = 0.269). The time course of pain intensity change from baseline over 24 h following the first lozenge showed that the dynamics of pain relief were comparable between ambroxol and placebo. A rapid decrease in pain intensity was noted over the first 3 h, after which pain relief was maintained for the 24-h period (noting that patients were permitted to take additional lozenges between 3 and 24 h; Fig. 4) . Overall, the median (Q1; Q3) total number of lozenges taken was 3.0 (2.0; 4.0) for ambroxol and 3.0 (2.0; 5.0) for placebo on day 1, 3.0 (2.0; 4.0) for both ambroxol and placebo on day 2, and 1.0 (0.0; 3.0) for both ambroxol and placebo on day 3.
Comparable results between treatment groups were also found with regard to the patient Fig. 3 Change from baseline in throat pain intensity 3 h after the first lozenge (mITT population). CI confidence interval, LS least square, mITT modified intention-to-treat, SD standard deviation Fig. 4 LS mean (SE) for the time course of PID from pre-dose baseline over the first 24 h (mITT population). LS least square, mITT modified intention-to-treat, PID pain intensity difference, SE standard error overall assessment of efficacy at 3 and 24 h after the first lozenge. The odds ratio of patients being in a higher category (higher efficacy) when treated with ambroxol rather than placebo was 1.208 (95% CI 0.840-1.736; p = 0.308) and 0.915 (95% CI 0.636-1.315; p = 0.630) at 3 and 24 h, respectively. A higher proportion of patients in both treatment groups rated the treatment as ''very good'' or ''excellent'' after 24 h than after 3 h (Fig. 5a) . No significant differences were noted between ambroxol and placebo in the final patient and investigator assessments of efficacy (Fig. 5b) .
Safety Outcomes
Overall, treatments were well tolerated during the study, and the proportion of patients experiencing treatment-emergent adverse events (TEAEs) was similar between groups (11.7%, ambroxol versus 9.3%, placebo). However, the incidence of TEAEs leading to treatment discontinuation was greater in the ambroxol arm, with four (2.0%) patients discontinuing versus only one (0.5%) receiving placebo. The most common TEAEs, defined as an event reported for more than one patient, were headache (n = 6, ambroxol, n = 3, placebo), dizziness (n = 5, ambroxol, n = 2, placebo), and accidental overdose (n = 2, ambroxol, n = 3, placebo). There were no serious AEs reported in the study. Lastly, patient and investigator assessments of tolerability were similar between ambroxol and placebo lozenges at the end of the study (Table 2) . At the end of the study, more than 90% of patients and investigators rated the study medications as having ''good'', ''very good'', or ''excellent'' tolerability.
DISCUSSION
Acute pharyngitis is a common condition encountered in clinical practice, and despite its self-limiting nature, most patients seek painrelieving treatments [1, 2] . In this study, the efficacy of the novel ambroxol hard-boiled lozenge formulation was not found to be superior in relieving throat pain compared with placebo. Results were consistent for all the efficacy endpoints considered. Furthermore, the overall safety and tolerability profiles of the study drug and placebo were also comparable.
In contrast to the current study, the efficacy of white compressed lozenges containing ambroxol has been extensively demonstrated in previous studies with a similar design (randomized, placebo-controlled, double-blind, multicenter, with a maximum of 6 lozenges per day up to 3 consecutive days) [2, 12, 13] . In two clinical trials, Fischer et al. found that the effect of white compressed lozenges containing 20 mg ambroxol hydrochloride was ''evident and consistently more favorable than placebo both in terms of efficacy and tolerability'' [2] . The efficacy of 20 mg ambroxol white compressed lozenges was also evaluated in a pooled analysis of seven clinical trials conducted by de Mey et al. and was confirmed to be statistically superior to the control treatment [12] . That analysis showed that the observed pain relief effect of ambroxol white compressed lozenges across studies ranged between 38 and 52% of the maximum theoretically achievable effect versus 27-36% after placebo treatment. In contrast, comparable results were observed between treatment groups in the current study with the new formulation, with sore throat pain relief of 39% with ambroxol hard-boiled lozenges versus 37% with placebo over the first 3 h of treatment. The reasons that the efficacy of ambroxol and placebo hard-boiled lozenges could not be discriminated in this study are unclear. A small group of patients did not adhere to the washout phase (2.3%), and three in the ambroxol group used additional medications for the treatment of sore throat within 3 h following the first study lozenge intake. Additionally, over the study, the use of prohibited concomitant medications was observed in 8.5% (9.7% ambroxol; 7.2% placebo) of the patients. However, the overall impact of these study deviations on the efficacy results is questionable. Both active and placebo hard-boiled lozenges contained flavoring agents, such as menthol and eucalyptus oil, [10, 14] . Although any local beneficial effect that these excipients might have exhibited would be present in both ambroxol-treated and placebo-treated patients, this could potentially have diminished the pain relief effect attributable to the pharmacological action of ambroxol [6] . Moreover, the main difference between this study and earlier studies of ambroxol lozenges was the formulation used-previous studies tested a white compressed ambroxol lozenge, whereas here a new hard-boiled lozenge formulation was investigated. It could be hypothesized that hard-boiled lozenges have organoleptic characteristics that are less prominent in compressed lozenges with similar excipients, and that overall these account for a positive pain relief effect that the model used in this study did not allow us to evaluate. Despite the final outcome, the study design was considered appropriate and no limitation could be determined; an adequate number of patients were enrolled, and baseline characteristics were well-balanced between arms.
In conclusion, the present study failed to demonstrate the superiority of the new hardboiled lozenges containing ambroxol for the treatment of sore throat pain. Compared with previously published placebo-controlled studies that have demonstrated significant sore throat pain reduction produced by ambroxol 20 mg white compressed lozenges, the factors contributing to this negative outcome remain unclear, and further investigations would be required to establish the causes of such a result.
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